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COMPLETE SPBCIEIOATION 

c 

Supercharging Device for Aircraft Engines 



"We, Society Rateat:, a Frencli body cor- 
porate, of 40 Rue de Colisee, Paris^ Prance, 
. and Rene AnxioknaZj a Frencli Citizen, 
of 8/ Rue Nicholas Cliuqnet, Paris, 
6 France, do kereby declare the i^ature of 
this invention and in 'svhat manner the 
isame is to be performed, to be particnlarly 
described and ascertained in and by the 
follawin^ statement: — 

10 The supercharging nni^ts of aviation 
engines, which are constitnted by a tur- 
bine driven by the exhaust gase^ and 
actuating a compressor, are now capable 
of a very high efficiency. It follows that 

16 the power that can be supplied by the gas 
turbine exceeds what is strictly necessary 
for driving the compressor. In order to 
restore the power balance, a portion of the 
gases has been evacuated into the atmo- 

20 sphere^ or a supplementary resistance has 
been created by a governor, but these 
aiTangements involve a loss of energy;. 

Attempts have also been made^ to_ utilize 
this excess of power by intensifying the 

25 scavenging of the «igine, which has been 
brought up to 60 per cent and even more, 
but the advantage of this operation is very 
small because the gain of power which 
results therefrom iox the engine is 

30 negligible. 

The object of the present invention is to 
utilize the excess of energy of the exhaust 
gases with the maximum dSciency in order 
to improve the propelling effect applied 

35 to the aircraft, which is tantamount to a 
material increase of tie output of the 
motor-propeller unit- 

According to a feature of the present 
invention, we combine a thermal engine, 

40 a turbine operated by the exhaust gases 
and driving a supercharging comirressor 
and a reaction n-ozzle. 

This arrangement iDermits of utilizing in 
the reaittion nozzle the excess of power of 

46 the exhaust gases with a very high out- 
put, even when the speed of the aircraft 
is relatively low. It even permits of 
increasing "the power of the motor- 
propeller system without modifying the 

60 engine or the fuel consumption thereof, 
by slightlv increaainf? the exhaust counter- 
I)Tessure. * Finally; it makes it possible to 
obtain a good regulation of the mam 



engine without loss of power so that said 
engine can thus preserve its maximum 55 
efficiency for #all values of the power . 
developed. 

Other features of the j^resent invention 
will j-esult , f i<om the following detailed 
description of some specific embodiments iO 
thereof, 

7 Preferred embodiments of the present 
invention will be hereinafter described 
Avith I'eference to the accompan3ring draw- 
ings, given merely by way of example, and 66 
in which : 

Figure 1 shows the general arrangement 
of an aviation engine system made accord- 
ing to the present invention; 

Figure 2 is a diagrammatical view show- 70 
ing a device for controlling the section of 
the nozzle above referred to ; 

Figures 3 and 4 are views, similar to 
Fjigure 2 showing modifications. 

Figure 5 is a diagrammatical view show- 75 
ing the place of the regulating means; 

Figure 6 shows an embodiment of the 
invention provided with an air by-pass 
leading to a point behind the gas turbine; 

Figttre 7 shows an embodiment in which 80 
the compressor is divided into two por- 
tions; 

Figure 8 is a view similar to^ Figure 7, 
showing a modification; 

Figure 9 shows an embodiment in which 85. 
air is fed to the reaction nozzle without 
compressor; 

Figure 10 is an exi)lanatory developed 
view of the t\irbine wheel in the case of 
distinct aud separate exhausts J 90 

Figure 1 shows an aviation engine a, 
which, in this case is supposed to be of the 
usual gasoline type with a carburetter, 
but which might also be of any other tyi>e, 
either of the explosion or combustion kind. 95 

Compressor q draws air at e through an 
orifice which is preferably turned in the 
direction in which the aircraft is travel- 
ling, in order to take advantage of the 
compression created by the relative 100 
velocity of air. It discharges this com- 
pressed air to the suction side of the 
enfrine. through lie carburetter /. 

The exhaust gases from the^ engine, 
which are at a pressure higlier than 106 
atmospherir pressure at the altitude at 
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wHall tlie aircraft is travelling are 
brougM to the gas tairbine where they 
expand ia the distributing nozzles and 
drive \rheel or wheels When leaving 
6 said turbine the gases again expand m 
reaction nozzle g, which is turned in tiie 
direction opposed to that in which the air- 
craft is travelling. The gases thus pro- 
duce, owing to the relatively high velocity 
10 they have, a driving impulse on the air- 
craft. This action is equal to the product 
of the mass of gas delivered per second by 
their relative outlet velocity. 

The chief advantage of this arrangement 
16 is that it produces useful work .wiiip^ 
serves in flie propulsion of the aircratt, . 
whereas the corresponding loss producing 
by counter-pressure at>tl^e exhaust is much 
lower. This may be se^ from tie follow- 
20 ing calculation: * . 

Consideriug for instance iiie case of an 
engine of 1000 HP, having a spavenged 
volume of 600 Htres per second, it is Imown 
that the output of the exhaust "gases o± 
25 this engine is approximately 1{)00 grammes 
per second. If the aircraft- is flyi^ff at a 
. height of -5000 metres, corresponding to an 
atmospheric pressure of 0.5 Kgs. per 
square centimetre, the excess pressure 
30 necessary for imparting to these gases, 
- which are supposed to be at a temperature 
of 500 a velocity of 300 metres per 
second is^ about 0.097 kg. The thrust 
produced \fj these gases is men : 

r=mx Y= X 300=30.6 tgs. 

If the aircraft is moving with a velocity 
of 150 metres per second, that is to say 
. 540 kilometres per hour, the ^eQ^^^^^g" 

produced by this thrust is ' 



35 



40 that is to say 61.2 French H.P. 

This corresponds approximately to a 
power of 80 H.B. on the propeller shaft, 
kow, this negative work due to the increase 

of the countlr-pressure of 0.097 kg. which 
46 is produced is equal to the P^.^duct o± t^s 
excess of counter-pressure and voliune 
swept, that is to say 0.097 x 600 x lOUU 
ckffs units = 0.097x600x10 m.kg|. = 
sfcS units=582/75 Frei^ch H.P.= 

■ .^"^u!,^5rrJp?^^^^^ of the. reaction 
nozzle ik this case ensures a gam of pc^er 
. which is quite substantial in comparison 
with the results obtained by mea^^ th^^^ 
56 devices used at the present time F^h^r^ 
more the presence of the nozzle ensi^^es 
easJ sel^^^^^ of the propelling 



created by this nozzle, Emd, therefoie, fte 
floTF througi tlie gas turbine for a given 

^"rMB^airangement has tlie same advaa- 65 
tages as the arrangement consistmg. m 
vs^ying the section of the distnbutmg 
nozzles of the gas turbine but it has the 
great advantage that it can be «Pe^ated 
in flight, owing to a control placed within <o 
reach of the pilot's iand. 

It can be seen that if the pilot increases 
the 'section of the nozzle, the connter- 
pressnre produced by ^said " „ 

reduced. Consequently, the output of the T6 
<.as turbine xvill tend to^incjease for an 
^changed pressure supplied by the com- 
-OTeslor and therefore as the driving 

of the turbine exceeds the reacting * 
5owIr of the compressor,^ the turbo-UoweT 80 
unit^^ill tend to accelerate and thus 
increase the superchanging of the p^^el- 
ling engine a, which permits of «creMing 
i^^power supplied by said engme wh^ 
the throttle valve of carburetter / has W 
alread^been, fof instance, fully op«aed. 
On the contrary, the" same operation m 
th^ reversed way, that is to say the reduc- 
tSn oJthe sectiSA of nozzle* fir, reduces the 
DOwer supplied by the engme a. 
^ This xSolati-on of power ^takes ?lace 
uixder pai=tiouIarly economical conditions, 
because if the carburetter throttle valve 
KSs fuUy open, despite the reductirai 
oHhrpower^of ?heWne, this avoids the 96 
losses by withdrawing which would other- 
wise taie place if the throttle were partly 
dos^. anf the efficiency of the propeUmg 
engine remains P^act^caUy constant. _ 

& arrangement is ?artacularly advan. 100 
tageous when it is combmed with a by-pasa 
colmecting together the ^^^^ ^and *ho 
exhaust (rf the engme, as shown in dotted 

'^llrfoi?Kis'"i^y be employed for 105 

2,. 3 and 4 show some of these 

^T^^^todiment of Figure 2, a piece 
i of poi^t^shape'is placed in the cenfa-al 110 
iSt of the nozzle and it can be moved 
tWffh a rod controlled by the pilot 
Sh suitable means ^l^^^^^f^l 
J toward the aperture of nozzle g, t^e sec 
iioa of said aperture 13 reduced !?ce is 
versely, it is increased when the piece is 



90 



"^tx^iT'embodiment of Figure 3 t^e 
noSle « is divided AUto a plurality of 
elementarv nozzles by means ot una 
bSr? A movable shutter m operated 
by the pilot through any suitable control 
SeSi permits of obturatmg a vaTiaWe 
T»imber of nozzles formed between blades 
^ m thus obtain, according, to the num- 125 
ber of elementary nozzles left in operation. 
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an adjustment of tlie section of nozzle g. 

In tke embodiment of Figure 4, the 
principle . is the same, but shutter m is of 
circular .section and pivots about an axis 
5 which undergoes the effort correspond- 
ing to the pressure -difference existing on 
the respective faces* of the shutter, which 
thus makes the operation extremely easy. 
In all cases, nozzle g is placed at the end 

10 of the cockpit or. engine nacelle and it is 
suitably directed, so that the jet of gas 
escaping iJirough the nozzle is turned in 
the direction opposed to the direction of 
travel of the aircsraf t. 

J.6 FigUTe 5 shows various other adjust- 
ment means which can ,be used either 
separately or in combination with that 
above described. 

First, !the pilo% operates the throttle 

20 valve p provided on tte intake and which 
may be combined with carburetter /. It is 
also possible to provide a control valve g 
in by pass 6, so as to create a difference of 
pressure between tiie discharge of the com- 

25 pressor and the- intake of the gas turbine, 
which thus produces an unbalance of .the 
power of these two elements and con- 
sequently involves the acceleration of the 
group when valve q opens and a slowing 

30 down when it closes. 

Furthermore, we may place, on the in- 
take of the gas tua:bine or on the exhaust 
of engine <z, a discharge r into the atmo- 
sphere provided with an adjustment valve 

35 5. When this valve is opened, a portion 
of the gases is deviated froni the turbine, 
which therefore tends to reduce the speed 
of the ^oup and consequently, the super- 
charging of the engine., 

40 . In order to avoid complete loss of the 
gases thus discharged into the atmosphere, 
when the discharge port is to be opened 
for a long time, it is 'possible, either to 
provide this discharge port- with a second 

45 reaction nozzle direction like the first one 
and therefore producing analogous effects, 
or to return me discharged gases into 
nozzle <7, but behind that of the turbine. 
The gases can thus expand in said nozzle, 

50 adding their ^ propelling effect .to that of 
the gases which have passed through the 
turbine. This arrangement is the one 
shown in Figure 5. ^ i 

the eflSciency of the reaction tiirbine 

55 is*higher as the velocity of the gases which 
escape therefrom is closer to tiie velocity 
of the movement of the aircraft, and as the 
velocity of the gases is as a rule much 
higher than that of the aircraft, it is 

60 advantageous, in otder to improve the 
efficiency, to produce in the reaction nozzle 
only a relatively small expansion, which, 
therefore corresponds to a relatively low 
drop of temperature .of the gases. 

65 As the exhaust gases of the engine are 



very hot, they carry along with them into 
the atmosphere a relatively important 
amount of heat, which is thus lost. In 
order to recuperate a portion of the power 
corresponding to this heat, the exhaust 70 
gases, upon leaving the gas turbine, may 
- be mixed with a certain amount of aii\ 
previously compressed but which has not 
passed through the engine. This air is 
heated by mixing with the gases, and it 75 
expands in the nozzle together with said 
gases, which improves the propelling 
effect. 

This air may be obtained at the outlet 
of the supercharging compressor, as Shown 80 
by Figure 6. In this embodiment, the 
com]^ressor is of the axial type, with heli- 
r.oidal wheels fs, and guides Wi, 

1^2, Uz. The air enters at e, is compressed 
by the compressor and is collected at tte 85 
outlet in torus-shaped conduits v which 
leads it to the intake of the engine a. The 
discharge, or exhaust of the engine is con- 
nected with the nozzles A oi the gas turbine 
and upon leaving said turbine, the exhaust 90 
gases are mixed with the cold air directly 
dischasrged by the compressor through 
conduit This mixture' of air and gas 
then expands in nozzle g to produce the 
propelling effect. 95 

It may be desirable in order to obtain 
good efficiency, to collect the air which 
is not to flow through the engine at a 
pressure lower than that necessary for the 
supercharging of the engine. This results 100 
from the fact that, as above stated, the 
pressure that can be utilized in nozzle g 
is relatively low. Consequently, when the 
compressor is of the miiti-stage type, it 
will be advantageous to take the air in 105 
question from an intermediate stage. Such 
an arrangement is shown in Figure 7. In 
this embodiment, the compressor is divided 
into two parts the first of which, acts 
on the whole of the air that is drawn in. 110 
This air is subsequently divided into two 
streams, one of which passes through the 
second part, y, of the compressor and 
serves in the supercharging of the engine. 
The exhaust gases from said engine drive 115 
turbine h and, upon ^leaving said turbine, 
are mixed with the cold air f rona com- 
pressor stage »r, which has passed directly 
through conduits w. The mixture expands 
in nozzle g and produces the propelling 120 
effect. ' . ' ^ 

When the compressor is of the centri- 
fugal type, with a helicoidal intake wheel, 
it is particularly advantageous to take the 
by-pass air after said wheel, which already 125 
supplies sufficient pressure for feeding 
nozzle g. 

In view of the difference of output and 
of pressure that is ifecessary for the two 
compression stages x anS -y, it may be 130 
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adTantageoua to constitute them by 
maclLines riuming* at differenv speeds. 
FigTire 8 stows aa arrangement o; lus kind 
in wMcii compressor y is drive j . directly 
5 by gas tn-rbine h, for instancy tixTougli a 
shaft common to both of them, while com- 
pressor X is driven through, a gear train z 
which makes it possible to drive it at a 
different speed better adapted to the 

10 characteristics required therefrom. 

The two elements of the compressor may 
also be driven by means of two gas tur- 
bines mounted in series and actnatmg aaad 
compressor elements through concentric 

15 shafts, the rotation taking place either m 
the same direction or in opposite directions. 

As the drop of pressure utilized in t^e 
reaction nozzle is relatively low, tHe 
additional air may also be supplied even 

20 by the displacement of the aircraft in tHe 
atmosphere, without makmg use of a com- 

. pressor. The air from the atmosphere 
enters, owing to its Telatage .velocity, 
through an inlet orifice CPignre 9) m 

25 which a portion of its active force is ^a^s- 
formed into pressure. It mixes wa^ 
hot gases coming from- the eaOiaust of iflie 

turbine, which raise its temperature: then 
it expands, together with said gases, m 

30 nozzle /7. , , . , . 

This proauces positive work, altiiougH 
: tie expansion is in tids case. eq^J^J 
to the relative velocity of *Hu 
air, becaxise, in the meantame the air has 
35 been heated and the speed it ac^imes m 
nozzle g for a. given esnpanaon. is higher 
^ its temperatiie is higher. This ajrang^ 
ment may even be employed m *lie case 
of an eieine ■'^luch is not snperchaiged, m 
\« xvhidh the heating of the an -"^o^d he 
■■ directly prodiibed by mixmg mtn tme 
exhaiist gases from the engine. 

Of course, the various axrangements 
above mentioned in which ^^exe is pro- 
45 ^ded an air hy-pass leading hehmd .^e 
gaatorhiie can"' be employed ii^. 
tion -with a. thermic engine the super- 
char^g'dflvice of which also "^eludes a 
lyvplas connecting the intake .a^d the 
50 Kust of the engine as shown m dotted 
- lines bv way of example in Figure 1, since, 
aTtw sit forth, these two hsr-pass 
-^a^em^ts have'^erent functions 

which complete each other. , 
55 In the v^ous Figures of the dTaT^ngs, 
the dbmpressors ure shown some of the 
Sal^, Bome of the ceAteif ug^ typ^ 
bS itXiJld be well understood j^t any 
of the arnrngements above d|scrihed^ 
fif) be applied to compressors of any typB 
whatever, a±ial, centrifugal, of a combmed 
tvpe or even Tolumetric. i- •j,, ii,- 

^tikewiser, for the.sake of s^pli^^^^y, t^e 
exhausts of the engintf cybnders have been 
■ eo.sS^as opening into a single conduit or 



manifold, but it is clear that when the 
aumber of cylinders of the engine is such 
that the exhausts interfere with one an- 
other, it would be adyantageous-io separate 
the exhaust manifold into several parts (0 
each of which corresponds to a group of 
cylinders the exhaust periods ot which do 
Qot interfere with one another, ita this 
case, the inlet torus-shaped member of the 
o-as turbine will be partitioned into several 75 
portions each of which will receive the 
exhaust of one of these groups of oylind»8. 

A very interesting arrangement consists, 
in this case, in partitioning also the 
exhaust of the gas turbine, and also, even- BU 
tuaUy, the reaction nozzle. In fact, as 
this nozzle creates a counter-pressure, tJie 
exhaust gases from one of the cylmdars, if 
it interfered with the end of the exhaust „ 
from another cylinder, would create a coun- W 
ter pressure in the gas turbme makmg it 
impossible to utilise the energy of this 
exhaust end suitably. Therefore, it is 
advantageous to partition both the mtake 
and the exhaust of the gas turbme. as 90 
shown hy Figure 10, which^ shows the 
development of a portion of the wheel. 

In this Figure, the gases arrive tiiiough 
distinct conduits &i and 63, are fed res- 
pectively to corresponding portions ot dis- aa 
tribtrting nozzles and ds drive wheelA 
and are collected, at tiie outlet m two 
chambers Wx and i^s, each of which leads 
to a reaction nozzle ff^ and gz, respectively. 
Of course, the partitions in the reactaon lOU 
nozzle need extend only to a point before 
the orifice where the gases have already 
acauired a veLocifar, in the direction of the 
flow, such that there is no possibdity of 
creating a counter-pressure m the adjacent 105 

conduit. ■ j-i 

"While the above description ^diwsloses 
what we deem to be practical and eflicient 
embodiments of the present invention, it 
will be understood that we do not wish to IW 
be limited thereto as there might be 
changes made in iOie arrangenient, dis- 
}josition and form of the parts "without 
departing from the principle of the present 
invention as comprehended within the 11& 
scope of the appended claims. 

Having now particularly described and 
ascertained the nature -of ow said inven- 
tion ^d in what manner ^e /ame is to 
be performed, we declare fhat what we 120 

claim is . g^pgj.j.2iarging device for an 
aviation engine including .an air compres- 
sor driven by a gas tarbine a^t^ated by 
the exhaust gases from said engme, 128 
characterised in that the esiau^ gases, 
aft«r passing through tiie turbine, are 
further expanded in a reaction nozzle 
opening in a direction opposed tb that m 
which the airei-aft is travelling, so as to IJO 
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produce a propelling effect wMcIl adds 
itself to that of the airscrew driveiL by the 
engine. 

2. A device according to Ciaim 1, 
5 further characterised in that the outlet 

section of the reaction nozzle can be 
modified so as to vary the pawer supplied 
by the propfelling system. 

3. A device according to either of the 
10 two precediiig claims,, further characterised 

in ^at a balance condxdt is provided ber 
tween the intake and the exhauBt of Mhe 
oigine, preferably with means for control- 
ling the flow through said conduit. 

15 4. A device according to iany of the 
preceding claims, further characterised in 
that a portion, preferably adjustable. of the 
exhaust gases from the. engine is by-passed 
ahead of the turbine and sent to the 

20 atmosphere without passing through said 
turbine, being preferably caused to flow 
through said reaction turbine. 

5. A device according to any of the pre- 
ceding claims, further characterised in 

25 that a portion of the^ compressed air ''sup- 
plied by said compressor is by-passed 
therefrom, at its outlet or preferably at an 
intermediate stage thereof, and sent to a 
point behind the turbine where it mixes 



with the exhaust gasep thereof prior to 80 
expanding in the reaction turbine. 

6. A 'device according to' any erf Claims 
1 to 4, 'further characterised by. the pro-, 
vipion of means' for adding to the gases 
escaping from the » turbine, prior to their S6 
passage through the reaction 'nozzle, air 
compressed by the movemeat of the air- 
craft with respect to the atmosphere in an 
inlet of suii^ble shape. 

7. A device according to any of the 40 
preceding claims, fm*ther characterised in 
that, if the exhausts of the cylinders of 
the engine were liable to interfere with 
one another and are accordingly led 
separately to the turbine, the gases flow- 45 
ing out from said turbine are also separ- 
ated and led to distinct reaction nozzles or 

to the elements of a partitioned reaction 
nozzle respectively. 

€L Supercharging devices for aircraft 50 
engine substantially as described with 
reference to the accompanying drawings. 
Dated this 20th day of January, 1941. 
For the Applicants : 
E. .J. CLEVELAND & COHPAMT, 
Chartered Patent Agents, 
29, Southampton Buildings, 
Ohancery Lane, London,' W.0.2. 
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